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PREFACE 

This  document completes t h e  r epor t ing  requirements of  NASA/MS 09 , 
"An E f f o r t  Pe r t a in ing  t o  P r o j e c t  ABLE". 

d i r e c t i o n  of  NASA/MSFC. 

a l l  systems approaches, inc luding  t e c h n i c a l  and programatic f e a s i b i l i t y  of  s o l a r  

r e f l e c t o r s *  opera t ing  i n  Ear th  o r b i t ,  supported by t h e  LM veh ic l e .  

cons is ted  of a 90 day t e c h n i c a l  s tudy and program planning per iod  and a 20 day f i n a l  

r e p o r t  p repa ra t ion  per iod.  

on September 7, October 6 ,  October 11, November 6, and November 13, 1966. 
t o  accommodate t h i s  increased number of reviews, a two week ex tens ion  i n  d e l i v e r y  of  

t h i s  f i n a l  r e p o r t  was granted by t h e  COR. 

The s tudy was performed under t h e  t e c h n i c a l  

The o b j e c t i v e  of  t h e  110 day e f f o r t  was t o  e s t a b l i s h  over-  

The work e f f o r t  

Progress  reviews were held,  a t  t h e  r eques t  of  t h e  COR, 

I n  o r d e r  

The f i n a l  r e p o r t  cons i s t s  o f  tHree volumes, bound i n t o  fou r  documents. 

document, "Volume I - Technical  Summary", b r i e f l y  o u t l i n e s  t h e  ob jec t ives  of  t h e  

s tudy,  summarizes t h e  r e s u l t s ,  and g ives  conclusions and recommendations f o r  f u r t h e r  

s tudy .  Areas of advanced technology, wherein f u r t h e r  e f f o r t  i s  recommended based on 

t h e  s tudy r e s u l t s ,  a r e  a l s o  descr ibed .  The second document, "Volume I1 - Technica l  

Report" i s  a comprehensive condensation of  t h e  work performed dur ing  t h e  s tudy  per iod .  

The t h i r d  document, "Volume 111, P a r t  1 - Program Plan",  c o n s i s t s  of f i v e  sub-plans,  

covering Development and Acceptance Test, Pre-Launch Operations,  Product Support ,  

Manufacturing, and R e l i a b i l i t y .  

t h e  s i x t h  sub-plan, Cost. 

The f irst  

The f o u r t h  document, "Volume 111, P a r t  2", conta ins  

*The t e r m  l ' ref lector ' l  i s  proper ly  appl ied  t o  t h e  t h i n  membrane of  me ta l l i zed  

p l a s t i c  which a c t u a l l y  r e f l e c t s  t h e  s u n l i g h t .  I n  t h i s  r epor t ,  however, t h e  

term r e f l e c t o r  should be  i n t e r p r e t e d  a s  e i t h e r  t h e  membrane i t se l f  o r  inc lud-  

i n g  t h e  support  s t r u c t u r e .  
ii 
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1.0  INTRODUCTION 

The use  of a l a r g e  r e f l e c t o r  i n  Earth o r b i t  t o  i l lumina te  se l ec t ed  

geographical  a r eas  during t h e  hours of darkness hgs been proposed. 

ob jec t ives  of  t h e  present  s tudy were t o  determine t h e  t e c h n i c a l  f e a s i b i l i t y  

o f  t h i s  concept, and t o  fu rn i sh  system t rade-of f  and design data  i n t e g r a t -  

i n g  t h e  LM spacec ra f t  and/or its subsystems and components with t h e  r e f l e c t o r .  

An a d d i t i o n a l  ob jec t ive  of t h i s  study was t o  select a conceptual design and 

provide a program plan  t h a t  would permit determinat ion of  t h e  schedule and 

cos t  f e a s i b i l i t y  of t h e  concept. 

The 

A l i s t  of t h e  major groundrules which were suppl ied t o  Grumman by MSFC 
fol lows : 

o Design emphasis s h a l l  b e  placed on t h e  maximum e f f e c t i v e  

u t i l i z a t i o n  of ex i s t ing ,  modified, o r  planned LM hardware. 

o Overal l  technology cons t ra in ts  s h a l l  be based on at ta inment  

of hardware which would be opera t iona l  i n  t h e  1968-69 time frame, 

o The minimum i l luminat ion  l e v e l  which would be considered accept- 

a b l e  would be equivalent  t o  a 400 ft. diameter i d e a l  r e f l e c t o r  

a t  synchronous a l t i t u d e .  

o I l lumina t ion  s h a l l  be required during a l l  per iods of darkness 

a t  t h e  t a r g e t .  

o Ref lec tor  s i z e s  ranging from 400 f t .  t o  3000 f t .  s h a l l  be 

considered, 

o Orbi t s  with nominal a l t i t u d e s  of  6000 nm. and 2 4 ' h r .  synchronous 

s h a l l  be of primary i n t e r e s t .  

o The degree t o  which man can enhance t h e  program by h i s  in-space 

p a r t i c i p a t i o n  s h a l l  be determined. 

o S ingle  and dua l  Saturn V launches s h a l l  be considered. 

1-1 



1.0 INTRODUCTION (continued ) 

o The minimum opera t ing  lifetime s h a l l  be a t  l e a s t  s i x  months 

without resupply. 

i s  highly des i r ab le  with poss ib l e  resupply.  

However, an  opera t ing  lifetime of 12 months 

o Useful payload weights and ambient environment da ta  will be 

provided by NASA. 

Using t h e s e  groundrules and t h e  assumptions l i s t e d  i n  t h e  var ious sec t ions  

of t h e  r epor t ,  t h e  t echn ica l  f e a s i b i l i t y  of t h e  P ro jec t  ABLE concept wa5 s tudied .  

1-2 



2.0 CONCLUSIONS AND RECOMMENDATIONS 

2 . 1  MISSION 

2.1.1 A l t i t u d e  - Def lec t ion  Considerations 

Target area i l l umina t ion  i s  extremely s e n s i t i v e  t o  d e f l e c t i o n  o f  t h e  r e f l e c t o r  

su r face .  For example, i f  a 1000 f t  diameter r e f l e c t o r  could be  designed which 

remained f l a t  t o  k 1 f t  (ve ry  t i g h t  t o l e rance ) ,  i l l u m i n a t i o n  equivalent  t o  a 

f u l l  moon could be achieved only by s e l e c t i n g  an o r b i t a l  a l t i t u d e  of 3-5000 
n.mi. Higher a l t i t u d e s  would r equ i r e  t i g h t e r  t o l e rances ,  l a r g e  numbers of 

r e f l e c t o r s ,  o r  acceptance of l e s s  i l l umina t ion .  

The t i g h t  t o l e rances  suggest that low a l t i t u d e s  are d e s i r a h l e , r e s u l t i n g  i n  t h e  

requirement f o r  more than  one r e f l e c t o r ,  i f  i l l umina t ion  i s  t o  be provided 

continuously t o  t h e  t a r g e t .  

needed f o r  continuous i l l u m i n a t i m .  

2.1.2 One/Two Sides Ref l ec t ive  

A t  3-5000 n.mi., approximately 4 r e f l e c t o r s  a r e  

O r b i t a l  mechanics s t u d i e s  i n d i c a t e  that  changes i n  r o t a t i o n a l  rate can be  

minimized i f  both s i d e s  of t h e  r e f l e c t o r  su r face  have r e f l e c t i n g  c a p a b i l i t y .  

The high temperatures which r e s u l t ,  however, would e l imina te  Mylar from con- 

s i d e r a t i o n .  

spaceapp l i ca t ion .  It i s  suggested tha t  a d d i t i o n a l  s t u d i e s  be done t o  advance 

t h e  s t a t e - o f - t h e - a r t  of Kapton technology. The use of Kapton would permit 
r e f l e c t o r i z i n g  both s ides  o f  t h e  membrane,thus el iminat ing t h e  c o n s t r a i n t s  on 

t r a j e c t o r y  and t a r g e t  choices that  r e s u l t  from a r e f l e c t o r  w i t h  one side coated. 

Kapton could be used, but  it i s  a r e l a t i v e l y  new material f o r  t h i s  

2.1.3 Manned V s  Unmanned Mission 

The evaluat ion of t h e  need f o r  man t o  a id  i n  implementing t h e  ABLE mission 

concept has  r e s u l t e d  i n  t h e  following p re l imina r i e s  conclusions: 

Man should be considered f o r  t h e  f irst  ABLE f l i g h t ( s )  

0 Man's value on subsequent f l i g h t s  r equ i r e s  f u r t h e r  s tudy.  

Th i s  i s  mainly due t o  t h e  f a c t  t h a t  some of t h e  more i n t r i c a t e  ope ra t iona l  

phases of t h e  ABLE; mission, such as r e f l e c t o r  deploymen4 Will be d i f f i c u l t  t o  

d u p l i c a t e  during t h e  development ground t e s t  program. 

2.1-1 



2.1.3 con t ' d  

A program concept permit t ing a delayed dec is ion  on manned vs unmanned ABLE 

f l i g h t s  i s  the re fo re  recommended, This would mean tha t  t h e  ABLE spacecraf t  

should be designed s o  t h a t  i t  could be flown a s  p a r t  of e i t h e r  a manned o r  

unmanned f l i g h t .  

2 .1 .4  Radiat ion 

The major problem i n  eva lua t ing  t h e  p o t e n t i a l  r a d i a t i o n  hazard f o r  t he  ABLE 

mission i s  t h e  uncer ta in ty  

Unfortunately,  it i s  un l ike ly  t h a t  any new emperical  d a t a  w i l l  be a v a i l a b l e  

e a r l y  enough t o  provide s t a t i s t i c a l  v e r i f i c a t i o n  of any assumed model environ- 

ment be fo re  major program dec is ions  have t o  be made t o  meet a 1969 launch d a t e .  

Despi te  t h e  uncer ta in ty  i n  t h e  r a d i a t i o n  environment, t h e  fol lowing prel iminary 

conclusions have been reached: 

i n  the  pred ic ted  1968-69 environmental model. 

The use of mylar f o r  t h e  r e f l e c t o r  i s  marginal a t  a l t i t u d e s  

below synchronous 
. 

There a r e  no major problems while t h e  crew i s  i n  t h e  spacecraf t  

0 A t  b e s t ,  l i m i t e d  ex t ra -vehicu lar  a c t i v i t i e s  may be poss ib l e .  

2.1.5 Weight 

The maximum ABLE payload which can be c a r r i e d  on a manned Saturn V launch i s  

r e s t r i c t e d  by t h e  maximum weight t h a t  can be supported i n  t h e  SLA which i s  

about 32,000 l b s .  

t o r  and i t s  support s t r u c t u r e  i s  9700 l b s .  

t o r u s  r e f l e c t o r  configurat ion,  t h e  m a x i m u m  r e f l e c t o r  s i z e  t h a t  can be c a r r i e d  with 

a manned ABLE LM i s  about 1200 f t .  i n  diameter .  

The est imated weight of an ABLE LM exclus ive  of t h e  r e f l e c -  

This  means t h a t ,  f o r  a spoke and 

For  an unmanned Saturn V launch, t h e  maximum al lowable payload i s  governed by 

t h e  launch veh ic l e  s tack  l i m i t  (above t h e  IU). 
diameters of 3,000 f t  o r  g r e a t e r  could be c a r r i e d  i n  additi0.n t o  an ABLE IN. 

For t h i s  case ,  r e f l e c t o r  
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2.2 .1  Reflector/Sqpport  S t ruc tu re  

Three f ami l i e s  of re f lec tor / suppor t  s t r u c t u r e  were s tudied,  with each family 

def ined by t h e  loca t ion  of t h e  support  s t r u c t u r e  r e l a t i v e  t o  t h e  r e f l e c t o r  sur face ,  

and by t h e  method of deployment. 

o f  deployment, s e n s i t i v i t y  t o  def lec t ions ,  packaging e f f i c i ency ,  ease of resupply,  

and t e s t i n g  problems, it was f e l t  t h a t  a two dimensional 

fou r  spokes appeared most f eas ib l e .  

After cons idera t ion  of such f a c t o r s  a s  weight, ease 

shape such a s  a t o r u s  with 

Refer t o  Figure 2.2-1. 

Methods of  deployment were grouped i n t o  mechanical and i n f l a t i o n  techniques,  

and here  t h e  phys ica l  s impl i c i ty  of i n f l a t i o n  and i t s  a d a p t a b i l i t y  t o  var ious s i z e s  of 

t h e  support  s t r u c t u r e ,  .made it a favored method, 

There dii! not appear t o  be any g rea t e r  problem i n  i n t e g r a t i n g  t h e  LM spacecraft 
wi th  any type  of  r e f l e c t o r  configurat ion because of  t h e  na ture  of t h e  ' i n t e r f aces  be- 

tween t h e  LM and t h e  re f lec tor / suppor t  s t r u c t u r e .  ' 

2.2.2 ABLE LM 

The use  of t h e  bas i c  LM vehic le  and r e l a t e d  subsyst,ems/components, i n  conjunc- 

t i o n  with a l a r g e  r e f l e c t o r ,  permits u t i l i z a t i o n  of a developed system which o f f e r s  

t h e  fol lowing advantages: 

o 

o 
0 

o 

o 

Operat ional  i n  t h e  1968-1969 t i m e  per iod 

Docking c a p a b i l i t y  wi th  t h e  Apollo CSM 

Compatible wi th  Saturn V launch environment 

Mounting i n  t h e  spacecraf t  LM adapter  (SLA) 
Available  subsystems compatible with both manned and unmanned opera t ion .  

The ABLE vers ion  of LM is  almost e n t i r e l y  composed of developed LM hardware. 

The only major new items a r e  r ad la to r s ,  s o l a r  a r r ays  and rechargeable b a t t e r i e s ,  and 

low-level t h r u s t e r s .  Major items removed from LM inc lude  t h e  propulsion subsystems, 

t h e  landing gear,  and t h e  abor t  guidance and r ada r s .  

2.2-1 and Figure 2.2-2. 

These changes a r e  shown i n  Table 

A n  examination of t h e  new items ind ica t e s  t h a t  a l l  but t h e  t h r u s t e r s  r e s u l t ' f r o m  

six-month miss'lon dmatfon reqnirements. It i s  of i n t e r e s t  t o  note  t h a t  i f  an engi- 

neer ing  t e s t  f l i g h t  of 3 - 14 days w considered i n  order  t o  checkout deployment 
and f l a t n e s s ,  an absolu te  mini&"of 

? &* 
re$$!?$nenW would be required.  





d.: *** 
Table 2.2-1 

ABLE LM WEIGHT STATEMENT 

LM - AS-504 CONTROL WEIGHT - TLI 
Ascent S t ruc tu re  

Unchanged 

Descent S t ruc tu re  

Remove : 

Base Heat Shield 

Add: 

ABLE Canis ter  & Supports 

LM/Reflector Attachment Penalty 

Guidance, Navigation & Control 

Remove : 

DECA 
GDA 
ASA (AGS) 
AEA 
RGA 
DEDA 
ACT 
Rendezvous Radar 
Landing Radar 

Added c 

PCA 
LOTS 

C r e w  Provis ions 

Unchanged 

Environmental Control 

Add : 

Fixed r a d i a t o r s  ( I n s t a l l e d  W t  . ) 
Landing Gear 

Remove: 

To ta l  Landing Gear 

32,000 

.- 146 

1,000 

100 

. -7 
-6 

-32 
-20 

-2 
-8 

-22 
-75 
-38 

60 
24 

50 

-46 5 
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* :- 

Instrument a t i o n  

Same weight a s  Apollo/LM mission 

E l e c t r i c a l  Power 

Added : 

Deployable Solar  Arrays 
Rechargeable Ba t t e r i e s  ( 2 )  
ECA's ( 2 )  
Battery Chargers & Voltage Regulators 
Wiring, Supports, e t c .  

Propulsion 

Ascent Propel lant  - T o t a l  
Descent Propel lan t  - Tota l  
D/S Propel lant  Tanks 
A/S Propel lant  Tanks 
D/S Engine 
A/S Engine 
A/S Helium 
A/S H e l i u m  Tanks 

Added : 

D/S Superc r i t i ca l  Helium Tank 
Helium 
Plumbing & Supports 

Reaction Control 

Unchanged from LM 

Communications 

Remove: 

Tv 
S-Band Erectable  & Steerable  Antenna 

Add : 
VHF Antenna 
DCA & CMD Rcvr 

Controls & Displays 

TOTAL LM 

1100 f t .  diameter r e f l e c t o r  

TOTAL A B E  LM 
GROWTH ALLOWANCE 

1200 

- 5090 
-17,749 

-440 - 172 
- 377 
-212 
-13 - 111 

100 
5 5  
15  

-0 
-38 

3 
40 

70 

9686 
17,400 
27,086 
4914 

32,000 lbs .  

L 





2 - 3  RECOMMENDATIONS FOR FUTURE STUDY 

2 . 3 . 1  Mission Requirements 

During t h e  study, quest ions continuously arose as t o  t h e  minimum accept- 

ab le  mission requirements f o r  use i n  spacecraf t  design. I n  p a r t i c u l a r ,  t h e  

requi red  i n t e n s i t y  of t h e  i l lumina t ion ,  and t h e  dura t ion  of time during t h e  

n ight  t h a t  it must be provided, had major impact on t h e  study. Consequently, 

b e t t e r  d e f i n i t i o n  of t h e  mission requirements,  bo th  wi th  r e spec t  t o  t h e  s t a t e d  

ABLE m i l i t a r y  objec t ive  and t o  o the r  poss ib l e  app l i ca t ions ,  would permit more 
d e f i n i t i v e  s tud ie s  t o  be Derformed i n  the f u t u r e .  

2.3.2 Deflect ions 

Because of t h e  major e f f e c t  t h a t  r e f l e c t o r  f l a t n e s s  has on i l lumina t ion ,  and 

a s  a r e s u l t  of t h e  d i f f i c u l t y  i n  ground t e s t i n g  a full s c a l e  configurat ion,  it is  

recommended t h a t  techniques f o r  adjustment of t h e  r e f l e c t o r  su r face  i n  o r b i t ,  by 

e i t h e r  automatic o r  manual means, be given s p e c i a l  emphasis i n  f u t u r e  s tud ie s .  

2 . 3 , 3  S t r u c t u r a l  Data 

L i t t l e  t e s t  data  e x i s t s  on t h e  behavior under load of l a r g e  i n f l a t e d  s t r u c t u r e s .  

Extrapolat ions from e x i s t i n g  data  were used wherever poss ib l e .  

damping f a c t o r s  were extremely d i f f i c u l t  t o  es t imate .  

t h a t  a d d i t i o n a l  data  be  generated,  by tes t s  of e i t h e r  a s c a l e  model, o r  of a segment 

of a f u l l  s i z e  configurat ion.  

Parameters such a s  

It i s  t h e r e f o r e  recommended 

2 .3 .4  Kapton Technology 

The c h a r a c t e r i s t i c s  of  Kapton a r e  s i m i l a r  t o  those  of Mylar, except t h a t  
- 

Kapton can t o l e r a t e  s i g n i f i c a n t l y  g r e a t e r  thermal  excremes and r a d i a t i o n  doses than  

Mylar. 

s tudy of Kapton c h a r a c t e r i s t i c s  and f a b r i c a t i o n  techniques worthwhile. 

The newness of Kapton,in an app l i ca t ion  such as ABLE, makes t h e  continued 
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3.0 MISSION ANALYSIS 

3.1 ILLUMINATION 

To provide the required illumination over a particular area of interest, 

consideration must be given to several important factors. These factors 

include altitude of operation, reflector reflectivity and area, atmospheric 
attenuation, reflector system geometry and, most important, reflector de- 

flection from an optically flat surface. 
factors is provided in Appendix A, "Optics Analysis." 
only the more important conclusions, which can be drawn from Appendix A, 
will be discussed. 

A detailed discussion of these 
In this section, 

The sunlight reflected from a flat reflector in orbit is contained in a 

cone with approximately a 0.5  deg cone angle, which is the apparent angle 
of the sun seen from the earth. The illuminated area on the ground is 

therefore dependent only on the altitude of the spacecraft. If the re- 
flecting surface departs from a plane, however, the reflected cone of light 

broadens, thus covering more ground area but with reduced average illumina- 

tion. This surface deflection was quantified by defining it as the center 
distance between a spherical cap and the plane defining its edges. 

In order to appreciate the interrelationship between these four variables 

(attitude, reflector diameter or area, deflection, and resulting ground 
illumination), Figure 3.1-1 was gene'rated. 
tion were selected, corresponding to "full moon'' and "min. illum." (0.1 full 
moon). 

1-10 feet might be achievable, and so this range was plotted. Finally, the 

values of illumination were reduced by 50% to account for realistic values 
of reflectivity, atmospheric attenuation, and angle of incidence of the 

sunlight. 

Two values of ground iliumina- 

Preliminary analysis indicated that deflections of the order of 

The great dependence of illumination on altitude, reflector diameter, and 
deflection is graphically shown in Figure 3.1-1. For example, if it were 

possible to construct a 1000 foot reflector, which -deflected more than 

1 foot at the center, achievement of 0.1 full moon would require orbiting 
at approximately 10,000 nm or lower. Achievement of full moon illumination 



would similarly require orbiting at 5,000 nm or lower. One major implica- 

tion of these orbits is the necessity for multiple reflectors, time-phased 

in the orbit, in order to provide illumination during the entire night. 

The problems of packaging, mounting launching and deploying 3-4 or more 
reflectors requires further study. 

Examination of Figure 3.1-1 also reveals the difficulty of increasing 
illumination by increasing reflector diameter. The study indicates that 

the major causes of reflector deflection are due to thermal distortions 

and manufacturing tolerances. The nature of the thermal distortion is that 

it increases with the square of the reflector diameter as does the area. 
The rate of increase depends, among other things, on the temperature 

gradient in the support structure. A 10" gradient, which is about as 
good as can be achieved, is plotted for both full moon and minimum illumina- 
tion. The horizontal nature of both curves indicates that for fixed 
illumination, the increases in diameter do not cause increases in allowable 
altitude. In other words, the advantages of increases in area which result 

from increasing diameter are effectively eliminated by larger deflections. 

Since manufacturing errors will also increase as some power of the diameter, 
a similar conclusion is likely. 

3.1-2 
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3.2 ORBITAL MECHANICS 

3.2.1 Circular Orbits (Unperturbed) 

In order to be able to predict control system requirements for the reflector, 
attitude timelines have been generated, showing the Right Ascension and De- 

clination of the unit normal of the reflector relative to an earth-centered 

inertial coordinate system. Based on analysis, the "worst case" conditions 

were found to occur at the winter solstice. 

When the target is not covered, the reflector is assumed to undergo a constant 

slew rate so as to be in position for the next period of coverage. 

rates between coverage regions were chosen on the basis of minimizing the 

rotational rate change requirements (and hence, propellant requirements) on 

the control system. 

desirable for minimum control propellant expenditures. 

liminary studies, it is concluded that, in order to enhance flexibility in 

mission planning, the reflector should be coated on both sides if the material 

technology permits. 

Slew 

Reflecting surfaces on both sides of the plate are 
Based on these pre- 

3.2.2 Stable Orbits 

Perturbations of circular orbits were studied, and it was seen that the two 

most important perturbations results, eccentricity and apside location, ex- 

hibited cyclic behavior. 

value and after one year returned to zero. Similarly, the line of apsides 

advanced for the first half year and regressed back to the initial value during 

the second half. There appears to be some value of eccentricity which yields 

an orbit which remains unchanged relative to the target at midnight under the 

influence of the perturbing forces considered. 

keeping requirements can be greatly reduced, yielding significant savings in 

propulsion system redesign and total system weight 

After 180 days, the eccentricity reached a maximum 

With such stable orbits, station- 

The capability of the LM RCS system to perform stationkeeping maneuvers was 
evaluated. After deployment of the reflector, it is estimated that the LM 
RCS would have 500 lb. of propellant available for stationkeeping maneuvers. 

This would then provide a A V capability of 162 ft/sec, with which the 
parameters inclination, period and eccentricity can be corrected. 
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3.2.3 Conclusions and Recommendations 

Based on the above parametric studies, the following conclusions pertinent to 

the Able mission are cited: 

The minimum altitude at which one satellite provides full nightly 
coverage is approximately 11,000 n-mi. 

Inclined orbits reduce the percentage time of the year in which loss 
of coverage due to occultation by the earth's umbra exists. 

The length of time per orbit in which the reflector is occulted 

increases with increased orbit altitude. 

Stationkeeping reqiiirements associated with maintaining a favorable 

circular orbit decreases with increased altitude. 

Stable orbits exist which theoretically eliminate the requirements 

for stationkeeping. 

Circular orbits w i l l  yield slightly higher illumination than stable 

orbits of equal period. 

(12 hr. orbit). 

Although a 12 hr. orbit yields coverage from night to morning twilight, 

illumination levels during the early and late periods of the night will be 

severely degraded. Hence, the likelihood of a multiple reflector system 

for orbits with resonent periods other than synchronous is high. 

the certain occultation of the reflector at all altitudes supports the require- 

ment for multiple satellites. For a 12 hr, orbit inclined 28.5 degrees, 
occultation periods of up to .94 hrs/orbit for up to 52 days is possible. 

In addition, 

The stationkeeping requirement 

was found to be large. 

propulsion tanks would be necessary. 

orbit concept be adopted for the Abie mission. 

the effects of off-nominal characteristics of the reflector (i.e. degradation 

in reflectivity) on maintaining the orbit should be performed to accurately 

determine the extent of stationkeeping Yequired 

for maintaining an effective circular orbit 

Additional LYI R6S tankage or use of the LM ascent 
Hence, it is recommended that the stable 

Further study to determine 
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3.3 FLIGHT OPERATIONS 

3.3.1 Ground Communication Coverage 

For i n i t i a l  planning purposes,  t h e  Apollo Manned Space F l i g h t  Network (MSFN) has  

been i n v e s t i g a t e d  for f u l f i l l i n g  the  primary ground communications and t r a c k i n g  

requirements  f o r  P ro jec t  ABLE. 

S a t e l l i t e  Control  F a c i l i t y  (SCF) as a secondary network i s  considered.  

support  c a p a b i l i t y  i s  based on t h e  defense ob jec t ive  of t h e  ABLE mission and 

t h e  proposed incorpora t ion  of t h e  Space Ground L i n k  Sub-system (SGLS) i n t o  t h e  

SCF s i t e s .  

I n  a d d i t i o n ,  t h e  p o s s i b i l i t y  of us ing  t h e  

The SCF 

A s  a r e s u l t  of t h e  o r b i t i n g  r e f l e c t o r ' s  high a l t i t u d e ,  f u l l  MSFN ground communi- 

c a t i o n s  a r e  p o s s i b l e ;  t hus  providing f u l l  t ime command c a p a b i l i t y  i f  r eequ i r ed ,  

I n  t h e  event t h a t  rendezvous and resupply with a second veh ic l e  i s  r equ i r ed ,  

ground coverage, i n  conjunct ion with t h e  MSFN c a p a b i l i t i e s ,  permit adequate 

support  of both v e h i c l e s .  

c. 

A s  i n d i c a t e d  from study of t h e  SCF network, continuous v i s i b i l i t y  i s  not a v a i l a b l e ;  

however, t h e  no-coverage a rea  presented  t o  t h e  28.5" i n c l i n a t i o n  o r b i t  i s  

considered, t o  be t o l e r a b l e .  

coverage i s  p o s s i b l e  i n  t h e  v i c i n i t y  of Southeast  As ia .  

mat 
For t h e  ABLE e l l i p t i c a l  r e fe rence  o r b i t ,  continuous 

The "Dual" SCF support  i n  t h e  Southeast  Asia a r e a ,  accomplished by two s i t e s  

afford. ing simultaneous coverage (Guam and Mahe Seyche l l e s ) ,  i s  marginal  a t  

6,000 n.mi. a l t i t u d e .  

g r e a t l y  expanded so t h a t  mul t ip le  SCF s i t e  support i s  assumed. 

For t h e  e l l i p t i c a l  re fe rence  o r b i t ,  t h e  v i s i b i l i t y  becomes 

I n  comparing t h e  SCF composite v i s i b i l i t y  t o  t h a t  of t h e  MSFN, t h e  l a t t e r  appears  

t o  have only a s l i g h t  advantage.  The s i g n i f i c a n t  f e a t u r e  of t h e  MSFN network, 

however, i s  t h e  gene ra l  i nc rease  i n  ope ra t iona l  c a p a b i l i t y  produced by t h e  g r e a t e r  

number of s t a t i o n s .  
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3 . 3 . 3  IN/Ref l e c t o r  Test  F l i g h t  

Considerat ion has been given t o  conducting an e a r l y  Saturn I B  launched LM/Reflector 

t e s t  f l i g h t  t o  demonstrate b a s i c  Ref lec tor  deployment and f l i g h t  ope ra t iona l  capa- 

b i l i t y ,  The purpose of t h i s  mission, an o r b i t a l  t e s t  of t h e  LM/Reflector, could be 

achieved with minor modif icat ions t o  a b a s i c  LM and with l i t t l e  impact t o  t h e  pre-  

s en t  NASA launch schedule. This mission would be similar t o  t h e  c u r r e n t l y  planned 

ApollO mission "258", a dual  Saturn I B  launch of an unmanned LM and manned 6SM. . 

The s h o r t  dura t ion ,  low-a l t i tude  f l i g h t  t o  t e s t  Ref lec tor  deployment and 

opera t ion  could be flown using a LM Ref lec to r  and S-IB launch veh ic l e  f o r  

an unmanned LM/Reflector launch i n t o  e a r t h  o r b i t ,  

planned i n  conjunction with an Apollo Applicat ions mission so t h a t  t h e  CSM and 

crew could then rendezvous with the  LM/Reflector f o r  t h e  deployment check. 

This launch would be 

1 
"4 

The manned CSM would be u t i l i z e d  only a f t e r  i t s  main mission was completed. cl 

The r e s u l t s  of t h e  mission would demonstrate t h e  Ref lec tor  deployn;ent and 

r i g i d i z a t i o n  systems i n  the  space environment as wel l  as  t h e  c o n t r o l  capa- 

b i l i t i e s  of t h e  Ref l ec to r  subsystem. The atmospheric environment i n  low 

e a r t h  o r b i t  i s  d i f f e r e n t  from high a l t i t u d e  o r b i t s  i n  terms of d i s turbances .  

However, t h e  b a s i c  

deployment and r i g i d i z a t i o n  method, 

O con t ro l  c h a r a c t e r i s t i c s  under o r b i t a l  space condi t ions,  

a p p l i c a b i l i t y  of man t o  support i n i t i a l  operat ions of 

l a r g e  deployable s t r u c t u r e  

can be evaluated e i t h e r  d i r e c t l y  or with wel l  founded 

more, t h e  presence of crewmen i n  monitoring t h e  f i r s t  

w i l i  provide f i r s t  hand subs t an t i a t ion  

modi f ica t ion  of subsequent opera t iona l  

of ABLE desfgr; 

missions.  

ex t r apo la t ion .  Fur ther -  

deployment and operat ions 

practice o r  enable design 
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4 .o REFLECTOR/SUPPORT STRUCTURE 

4.1 MATERIALS 

Organic f i lms  were considered f o r  t h e  r e f l e c t o r  m a t e r i a l  and f o r  use i n  ex- 

pendable support  s t r u c t u r e  des ign ,  The p r i n c i p l e  p r o p e r t i e s  of i n t e r e s t  f o r  

t h i s  a p p l i c a t i o n  a r e  low and high temperature  s e r v i c e a b i l i t y ,  t e n s i l e  s t r e n g t h ,  

e longat ion ,  creep,  s p e c i f i c  grav i ty ,  t e a r  s t r e n g t h  and r a d i a t i o n  r e s i s t a n c e .  

I n  add i t ion ,  o the r  f a c t o r s  such as f a b r i c a t i o n ,  width and th i ckness  a v a i l -  

a b i l i t y  and cos t  must be considered. O f  t h e  p l a s t i c  f i lms  p r e s e n t l y  a v a i l -  

a b l e ,  Mylar ( p o l y e s t e r )  and Kapton (polyimide)  o f f e r  t h e  b e s t  combination of 

t h e s e  p r o p e r t i e s .  

4.1-1 Ref l e  c t  o r  

Since it i s  recommended t h a t  t h e  f i l m  be r e f l e c t i v e  on both s i d e s  it should 

be  coated with vacuum depos i ted  aluminum on both  su r faces .  The aluminum pro-  

v ides  t h e  added func t ion  of p ro tec t ing  t h e  p l a s t i c  f i l m  from t h e  damaging 

e f f e c t s  of u l i r a - v i o l e t  ( U . V . )  r a d i a t i o n .  

r e f l e c t o r  be designed wi th  no thermal c o n t r o l  coa t ings .  When t h i s  r e f l e c t o r  

i s  i n  s u n l i g h t ,  however, t h e  temperature of t h e  aluminized f i l m  can r i se  t o  

about 400°F. This c o n s t r a i n t  n e c e s s i t a t e s  t h e  use o r  Kapton as t h e  reTLector 

m a t e r i a l  s i n c e  400°F i s  ou t s ide  the  useful  

It i s  a l s o  recommended t h a t  t h e  

temperature  range of Mylar. 

The minimum gauge of Kapton p resen t ly  a v a i l a b l e  i s  0.5 m i l  but  Dupont represen-  

t a t i v e s  i n d i c a t e  t h a t  experimental  work on t h i n n e r  gauges w i l l  be undertaken 

i n  1967. 
on t h i s  program. 

f o r  bonding of t h e  Kapton and the re  a r e  i n d i c a t i o n s  t h a t  s a t i s f a c t o r y  adhesives  

w i l l  s h o r t l y  be a v a i l a b l e .  

It i s  a n t i c i p a t e d  t h a t  0.35 m i l  w i l l  t h e r e f o r e  be a v a i l a b l e  f o r  use  

Adhesives a r e  p re sen t ly  being t e s t e d  and developed by Schjeldah 

Creep of t h e  Kapton could cause dimensional changes beyond those  compensated 

f o r  i n  t h e  r e f l e c t o r  des ign .  Although t h i s  magnitude of c reep  would be unde- 

s i r a b l e ,  a small  amount o f  c reep  was found t o  be s u p r i s i n g l y  b e n e f i c i a l ,  s i n c e  

it e l imina te s  wrinkles  i n  t h e  r e f l e c t o r  caused by f a b r i c a t i o n  and packaging. 

These wrinkles  r ep resen t  s t r e s s  concent ra t ions ,  and when t h e  m a t e r i a l  creeps 



4.1.1 c o n t ' d  

t h e s e  a r e a s  a r e  the f i rs t  t o  be r e l i e v e d .  

minimum value which e l imina te s  t h e s e  wrinkles  i n  a s h o r t  t ime (about 1 day 

a t  400°F) and y e t  not cause excessive creep i n  6 months. 

of 0 . 5  m i l  aluminized Kapton specimens under load  a t  400°F i n d i c a t e  t h a t  s t r e s s e s  

of 50-200 p s i  r e l i e v e  a ma jo r i ty  of t h e  wrinkles i n  one day. 

The app l i ed  stress should be t h e  

Vi sua l  observat ions 

4 .1 .2  Support S t ruc tu re  

A t y p i c a l  support  s t r u c t u r e  c o n s i s t s  of a composite of 0.5 m i l  aluminum -0.35 
m i l  p l a s t i c  - 0.5  m i l  aluminum. 

support  s t r u c t u r e  keep t h e  maximum temperature wi th in  t h e  u s e f u l  range of 

Mylar ( b )  manufacturing techniques f o r  f a b r i c a t i n g  an aluminum-Mylar laminate  

have been developed and s u c c e s s f u l l y  used on t h e  Echo I1 program and ( e )  Mylar 

i s  ava i l abe  i n  wider widths t h a n  Kapton, Mylar i s  p r e f e r r e d  for use as t h e  

p l a s t i c  i n  t h e  laminate.  

Since ( a )  thermal  c o n t r o l  coa t ings  on t h e  

The proposed coat ings on t h e  t o r u s  a r e  those  used on t h e  Echo I1 bal loon ( i . e .  

e x t e r i o r  a lod ine ,  i n t e r io r - ca rbon  b l a c k )  as processing equipment and procedures 

have a l r eady  been developed f o r  t h e  Echo program. The t h i c k n e s s  of t h e  aluminum 

makes a lod ine  processing p r a c t i c a l  f o r  t h e  support  s t r u c t u r e ,  b u t  not f o r  t h e  

r e f l e c t o r .  

The recommended approach t o  minimize t h e  s t r u c t u r a l  d e f l e c t i o n s  caused by t h e  

temperature  gradient  i s  t o  wrap t h e  spokes with l a y e r s  of " supe r insu la t ion" .  

4 1-2 
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4.2 STRUCTURAL ANALYSIS 

S t r u c t u r a l  analyses  of two general  configurat ions 

o a c i r c u l a r  r e f l e c t o r  membramsupported by 

o a t r i a n g u l a r  r e f l e c t o r  of equivalent area 

i n t e r s e c t i n g  a t  t h e  center  of a r ea  

were performed. 

a t o r u s  w i t h  fou r  spokes 

supported by t h r e e  spokes 

The b a s i c  m a t e r i a l  used f o r  t h e  s t r u c t u r a l  s q p o r t s  f o r  t h e  above configurat ions 

i s  aluminum-mylar laminate, which i s  stressed above t h e  y i e l d  during e r e c t i o n  t o  

ob ta in  r f g i d i z a t i o n  of t h e  ma te r i a l .  

ed t o  a l a y e r  of 0.00035 i n .  mylar. The s t r u c t u r a l  supports a r e  twenty f o o t  

c y l i n d r i c a l  tubes made of t h e  above mater ia l  s t i f f ended  by 5 inch diameter r i g i d i z e d  

tubes  i n  t h e  form of  s t r i n g e r s  and frames. The r e f l e c t o r  membrane i s  made of  

aluminized Kapton with a thickness  of .00035 inches.  

The aluminum laye r s  a r e  each 0.0005 i n .  bond- 

The e f f e c t s  of g r a v i t y  g rad ien t  loads, s o l a r  pressure,  thermal  gradients ,  membrane 

t e n s i o n  forces ,  membrane de f l ec t ions ,  n a t u r a l  frequencies and creep were s tud ied .  

The r e s u l t s  of t h i s  a n a l y s i s  i n d i c a t e  t h a t  t h e  d e f l e c t i o n  of t h e  o v e r a l l  system i s  

p r imar i ly  due t o  thermal g rad ien t s  i n  t h e  spokes, i n  add i t ion  t o  manufacturing 
iuierancee. Tila aT;act "r ~ ~ l p r  pi-,=;;-~-c ~ ; f i  ,-;.=-;it;. g ~ ~ ~ ~ ~ ~ + ~  A - + l  an++ n n c  ------" ----- i s  

small .  

l y  influenced by t h e  manufacturing tolerances;  l a r g e  to l e rances  can induce high 

t e n s i l e  stresses. 

The a n a l y s i s  a l so  i n d i c a t e s  t h a t  r e f l e c t o r  membrane t e n s i l e  loads a r e  strong- 

I n  addf t ion  t o  t h e  s t r u c t u r a l  c ros s  s e c t i o n a l  arrangement mentioned above t h i s  

i n v e s t i g a t i o n  a l s o  included a study of a s t a b i l i z e d  s t r u c t u r e  u t i l i z i n g  i n t e r n a l  

pressure. 
t u r e ,  t h e  allowable bending moment i n  t h e  t o r u s  and spokes f o r  t h e  twenty f6ot  diameter 

s e c t i o n  can be increased by a f a c t o r  of  1.5 over t h e  unpressurized s t r u c t u r e .  

cons ide ra t ion  must be given t o  t h e  weight of gas necessary t o  c a r r i e d  t o  maintain 

pressure l o s t  due t o  meteoroid penetrat ion.  

one yea r  l i f e  requirement. 
6 1 .5  x 10 l b s  of p r e s s u r i z a t i o n  gas  would be necessary i n  order  t o  maintain t h e  

required p res su re .  

considered f e a s i b l e .  

If a pressure of 2 ps i  could be maintained i n  t h e  r e f l e c t o r  support s t r u c -  

Howeve; 

A study of t h i s  e f f e c t  was made f o r  t h e  

The r e s u l t s  of t h e  ca l cu la t ion  showed t h a t  approximately 

I n  view of t h e  excessive weight, t h i s  s t r u c t u r a l  system was not 
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4.2 ( continued) 

A s t r u c t u r a l  e f f i c i ency  s tudy was a l s o  conducted on a photolyzable film wire mesh 

concept f o r  a r ig id i zed  s t r u c t u r e .  A comparison using published compression d a t a  

was made f o r  a photolyzed wire meah cyxlnder end an aluminum foil cy l inde r .  

r e s u l t  showed t h a t  t h e  aluminum kylinder was capeble of carrying a largercompres.iic~.l 

load than  t h e  Wire mesh etructtn-8. 

The 

F ina l ly ,  e a r l y  consideration was a l s o  given t o  a support s t r u c t u r e  cons i s t ing  of 

aluminum mylar laminate cyl inders  without i n t e r n a l  p re s su re .  

t u r e  r e s u l t s  i n  extremely l a r g e  r/t values giving .neg l ig ib l e  values of bending stress 

However, t h i s  s t r u c -  

allowables.  

It i s  concluded from t h e  analyses and s tudies  ca r r i ed  out under t h i s  program t h a t  

it appears s t r u c t u r a l l y  f e a s i b l e  t o  design and f a b r i c a t e  an expandable s t r u c t u r e  t o  

c a r r y  ou t  t h e  assigned mission. 

analyzed i n  t h e  remainder of t h i s  r epor t ,  i .e. t h e  torus-spoke configurat ion and 

t h e  t r i p o d  configuration. 

f o r  f u r t h e r  study. 

The more promising s t r u c t u r a l  arrangements a r e  

It must be noted, however, t h a t  problem a r e a s  s t i l l  remain 

These include t h e  following: 

o bending and compression buckling test  data 

o more accu ra t e  analyses of t h e  e f f e c t s  of manufacturing t o l e r a n c e s  

o d e t a i l  s t a t i c  and dynamic analyeee of t h e  e f f e c t s  of load and 

t h e r m a l  disturbances 

o niaterials creep data and c r e w  defarmati6ns. 
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4.3 THERMAL ANALYSIS 

4.3.1 Ref l e c t o r  

The choice of a r e f l e c t o r  m a t e r i a l  is  dependent on t h e  temperature extremes 

t h a t  w i l l  be encountered. 

thermal  p r o p e r t i e s  and on mission o r b i t a l  parameters 

Ref lec tor  temperatures  a r e  dependent on t h e  m a t e r i a l  

The r e f l e c t o r  thermal  design concept c o n s i s t s  of aluminum vapor depos i ted  

on both s i d e s  of a Kapton sheet  (nominal su r f ace  d /e 
r e s u l t s  i n  a nominal maximum r e f l e c t o r  temperature of 395°F. 

i s  wi th in  t h e  working range of Kapton ( s e e  Sec t ion  4,,4) - 

= 4.0). This coa t ing  

This temperature  

4.3.2 Support S t ruc tu re  

For any given o r b i t a l  p o s i t i o n  of the  spacec ra f t ,  t h e  hea t  f lux d i s t r i b u t i o n  

around a cross-sec t ion  of t h e  support s t r u c t u r e  w i l l  be non-uniform. This  

w i l l  l e a d  t o  temperature d i f fe rences  wi th in  t h e  s t r u c t u r e  and poss ib l e  thermal  

d i s t o r t i o n  problems 

r educ t ion  of t h e s e  temperature d i f f e rences  wi th in  t h e  c y l i n d r i c a l  c ross -sec t ions  

of t h e  s t r u c t u r e .  A f e a s i b l e  thermal design concept fol lows.  

The s t r u c t u r a l  thermal  des ign  must be d i r e c t e d  toward 

The i n t e r i o r  sur faces  of t h e  i n f l a t a b l e  s t r u c t u r e  a r e  coated with a "black" 

m a t e r i a l  having an emittance of 0.9. The spoke p ro t ion  of t h e  s t r u c t u r e  i s  

wrapped with a super i n s u l a t i o n  blanket c o n s i s t i n g  of a number of l a y e r s  of 

aluminized mylar t o  provide i s o l a t i o n  from t h e  e x t e r n a l  non-uniform environmental 

hea t  flux. 

l a y e r s  of c r ink led  aluminized mylar used i n  conjunct ion with an i n t e r n a l  sur face  

emit tance of 0.9 w i l l  reduce t h e  temperature d i f f e rence  within t h e  s t r u c t u r e  

t o  a nominal va l ce  of 5OF w%th a range approximating t2"F depending on f a c t o r s  

such as handl ing,  uniformity of ma te r i a l  p r o p e r t i e s ,  e t c .  

For example, an in su la t ion  blanket  c o n s i s t i n g  of a t o t a l  of s i x  
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5.0 ABLE LM 

5.1 THERMAL ANALYSIS 

5.1.1 R e f l e c t o r  I n f l a t i o n  

The r e f l e c t o r  i n f l a t i o n  system u t i l i z e s  heliwn t o  deploy and r i g i d i z e  t h e  r e f l e c t o r  

support  s t r u c t u r e  a t  a c o n t r o l l e d  r a t e .  I n i t E a l  deployment i s  accomplished us ing  

helium s t o r e d  i n  two LM RCS helium tanks i o c a t e d  on t h e  per iphery of t h e  ou te r  

t o r u s .  A f t e r  i n i t i a l  deployment, t he  support  s t r u c t u r e  i s  i n f l a t e d  t o  s t r a i n  

r i g i d i z a t i o n  p res su re  by helium s to red  i n  t h e  LM -1escent Propuls ion System Cryo- 

genic  Tanks. 

5.1.2 LM Equipment 

A l l  e l e c t r o n i c  equipment loca t ed  aboard t h e  ABLE LM v e h i c l e  w i l l  be  temperature 

c o n t r o l l e d  i n  t h e  same manner as i n  t h e  p re sen t  L M ,  'The ma jo r i ty  of equipments 

are  mounted on a cold r a i l  o r  co ld  p l a t e  through which g lyco l  f lows,  absorbing 

t h e  d i s s i p a t e d  h e a t .  Temperature c o n t r o l  of e x t e r n a l l y  l o c a t e d  equipment such 

as t h e  LM RCS j e t s  and t h e  IJVI S-band s t e e r a b l e  antenna i s  achieved by e x i s t i n g  

t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r s .  

5.2 REACTION CONTROL 

5.2.1 ABLE LM RCS 

During deployment and checkout of t he  r e f l e c t o r ,  a t t i t u d e  and t r a n s l a t i o n a l  c o n t r o l  

w i l l  be  r e q u i r e d  by t h e  ABLE LM RCS. ?he basic s i x t e e n  t h r u s t e r  LM RCS w i l l  be 

r e t a i n e d .  A f t e r  completion of t h e  deployment and checkout phase, t h e  RCS would 

remain a c t i v a t e d  t o  support  any s ta t ionkeeping requirements during t h e  6 month 

o p e r a t i o n a l  phase 

5.2.2 P e r i p h e r a l  Thruster  System 

A t t i t u d e  c o n t r o l  of t h e  r e f l e c t o r  would be  schieved by means of s m a l l  r e a c t i o n  

c o n t r o l  j e t s  l o c a t e d  a t  t h e  per iphery of t h e  r e f l e c t o r ,  The choice f o r  t h e  

p e r i p h e r a l  t h r u s t e r  system, with t o t a l  impulse requirements between 100,000 and 

5OO,OOO l b - s e e  f o r  an 1100 f t  diameter r e f l e c t o r ,  i s  between monopropellant and 

b i p r o p e l l a n t  . 

Since t h e  system weight d i f f e r e n c e  i s  s m a l l ,  t h e  s i m p l i c i t y ,  m a t e r i a l s  c o m p a t i b i l i t y  

and r e l i a b i l i t y  of t h e  hydrazine monopropellant system i n d i c a t e  it t o  be t h e  most 

s e l e c t i o n .  On t h e  o the r  had, i f  smaller  r e f l e c t o r s  were chosen, with t o t a l  i m -  
p u l s e  requirements below 100,000 lb - see ,  subliming rocke t s  should be considered. - 



5.3 GUIDANCE AND CONTROL 

5.3.1 System Requirements 

An a n a l y s i s  of t he  P r o j e c t  ABLE mission i d e n t i f i e d  t h e  fol lowing major f u n c t i o n s  

which t h e  GNCS must provide.  

A t t i t u d e  Hold Function 

Manual Control Function 

Alignment Function 

Po in t ing  Function 

O r b i t  Keeping Function 

Rernot Control Function - t o  r edes igna te  t h e  a i m  po in t  of t h e  r e f l e c t o r .  

I n  order  t o  provide the func t ions  de f ined  a b v e ,  s e v e r a l  a l t e r n a t e  system concepts 

were considered. 

syn thes i s  of a completely new system. 

These ranged from t h e  u t i l i z a t i o n  of LM equipment, t o  t h e  

The a l t e r n a t e  systems considered were: 

E x i s t i n g  LM PGNCS (IMU, AOT, L G C ,  ATCA) wi th  MSFN 

Modified LM PGNCS ( I M I J ,  LGC, ATCA, LM O p t i c a l  Tracker System (LOTS)) 

with MSFN. 

Star Tracker Systems 

Gimballed S t a r  Trackers,  Sun Sensor, MSFN, Computer Systems 

SIX Sensor/Target Sensor Systems-Sun Sensor, ground beacon (a t  t a r g e t ) ,  

on board beacon sensor ,  Computer, MSFN 

Based on t h e  c h a r a c t e r i s t i c s  of t h e  systems descr ibed above, t h e  LM FGNCS con- 

f i g u r a t i o n  w i t h  the add i t ion  of t h e  LM O p t i c a l  Tracking System (LOTS) i s  g e n e r a l l y l  

recommended. The fundamental reasons f o r  t h i s  dec i s ion  a r e :  

O 

O 

The FGNCS - LOTS conf igu ra t ion  can perform t h e  ABLE mission 

A l l  o t h e r  systems r e q u i r e  e i t h e r  des ign  and development of  new hardware, 

u t i l i z e  unproven systems concepts,  o r  would p resen t  s e r i o u r  i n t e r f a c e  

problems i f  incorporated i n t o  e x i s t i n g  LM subsystems 

The LM FGNCS i s  an i n t e g r a t e d ,  aided, i n e r t i a l  Guidance, Navigation and Control  
System. The b a s i c  components of t h e  system, which would be used f o r  t h e  ABLE 
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5.3.1 (Continued) 

GNCS func t ion ,  c o n s i s t  of a s t a b l e  platform (IMIJ) t o  provide an i n e r t i a l  r e f e rence ,  

a star t r a c k e r  system (LOTS) t o  r e a l i g n  t h e  stable platform, a d i g i t a l  computer, 

( L G C )  which provides  t h e  guidance and navigat ion func t ion  and con ta ins  t h e  

d i g i t a l  a u t o p i l o t  (DAP) , as t ronau t  hand c o n t r o l l e r s  f o r  r o t a t i o n a l  and t r a n s -  

l a t i o n a l  maneuvers (ACA and T/TCA), a data e n t r y  device (DSKY), and an i n t e r f a c e  

with r e a c t i o n  j e t  t h r u s t e r s  through t h e  j e t  driver p reampl i f i e r s  i n  ATCA. 

An a n a l y s i s  of t h e  ABLE GN&C requirements i n d i c a t e s  t h a t  with suitable modifi- 

c a t i o n s  t h e  LM PGNCS can perforn! t h e  GN&C func t ions  f o r  t h e  ABLE mission. 

The LM PGNCS i s  i n t e r f a c e d  with a Reaction Control System (RCS) which i s  used 

t o  provide t r a n s l a t i o n a l  motion i n  response t o  guidance system t h r u s t i n g  commands 

and r o t a t i o n a l  motion i n  response t o  c o n t r o l  system commands. When t h e  r e f l e c t o r  

i s  not deployed, o r  i s  i n  t h e  process of deployment, t h e  RCS can be used t o  provide 

c o n t r o l  t o rques  and t r a n s l a t i o n a l  motion. 

When the r e f l e c t o r  i s  deployed, however, t he  r e f l e c t o r  probably cannot absorb t h e  

r e l a t i v e l y  high torques a s soc ia t ed  with t h e  RCS. Based on a prel iminary s tudy of 

va r ious  c o n t r o l  t o rque r s  it w a s  decided tha t  r e a c t i o n  c o n t r o l  t h r u s t e r s  mounted on 

t h e  pe r iphe ry  of t h e  r e f l e c t o r  a r e  probably b e s t  f o r  a t t i t u d e  con t ro l .  

5.3.2 Subsystem Desc r ip t ion  

Hardware modif icat ions r equ i r ed  f o r  t h e  ABLE mission a r e :  

Inco rpora t e  t h e  LM Opt ica l  Tracker System LOTS 

Inco rpora t e  a modified Program Coupler Assembly (PCA) 

Provide an i n t e r f a c e  and cornmand s i g n a l s  t o  a low l e v e l  p e r i p h e r a l  

t h r u s t e r  system. 

Provide an i n t e r f a c e  and command s i g n a l s  t o  an EPS So la r  Array and t o  

t h e  S-band. antenna (as r equ i r ed ) .  

I n  a d d i t i o n  t o  the  hardware modif icat ions,  t h e  LGC Programs w i l l  have t o  be  

modified t o  s a t i s f y  t h e  ABLE Guidance and Control requirements.  
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5 . 4  ELECTRICAL 

5 . 4 . 1  EPS Conf 

POWER 

< -  gura t  i o n  

For t h e  s e l e c t e d  ABLE LM EPS conf igu ra t ion  t h e  e x i s t i n g  LM EPS was r e t a i n e d  

and supplemented, f o r  t h e  s i x  month unmanned phase,  with a s o l a r  c e l l  a r r a y  

and rechargeable  b a t t e r y  power supply. The e x i s t i n g  LM EPS, which uses  p r i -  

mary b a t t e r i e s  a s  t h e  energy source,  supp l i e s  t h e  ABLE LM power requirements 

u n t i l  t h e  s o l a r  a r rays  a r e  deployed. From t h a t  t ime t o  t h e  end of t h e  manned 

phase,  t h e  s o l a r  a r r ays  and t h e  LM b a t t e r i e s  a r e  operated i n  p a r a l l e l  t o  meet 

t h e  r e l a t i v e l y  high power requirements during manned ABLE LM opera t ions .  

t h e  s i x  month unmanned phase, power i s  e n t i r e l y  suppl ied  by t h e  s o l a r  a r r a y  

and secondary b a t t e r y  power supply. 

During 

The supplementary power supply inc ludes  two s i l i c o n  s o l a r  c e l l  a r r a y s ,  one on 

each s i d e  of t h e  r e f l e c t o r ,  two secondary N i C d  b a t t e r i e s  (one f o r  redundancy), 

b a t t e r y  charger  assemblies,  and a vo l t age  r e g u l a t o r  t o  maintain t h e  power source 

output  vo l t age  wi th in  al lowable vo l t age  l i m i t s .  

For  a completely unmanned mission t h e  EPS conf igu ra t ion  remains t h e  same wi th  t h e  

except ion t h a t  t h e  manned c o n t r o l  and switching requirements a r e  r ep laced  by 

remote upl ink  command, 

5 .4 .2  A l t e r n a t e  Configurat ion 

A survey of o ther  types  of power supp l i e s  capable  of  performing t h e  ABLE mission 

was a l s o  made. The only o the r  power supply which appeared t o  have t h e  develop- 

ment s t a t u s ,  power d e l i v e r y  c a p a b i l i t y ,  weight and conf igu ra t ion  which could be 

considered f o r  t h i s  mission was t h e  SNAP 10A system. 

The u t i l i z a t i o n  of a SNAP 1OA power supply appears  t o  be  f e a s i b l e  f o r  t h e  ABLE 

mission.  

and has  been success fu l ly  flown i n  space f o r  a pe r iod  of 45 days. 

would be mounted on t h e  LM i n  a shutdown s t a t e  p r i o r  t o  launch, and, a f t e r  r e -  

f l e c t o r  deployment and veh ic l e  alignment,  t h e  SNAP 1OA would be deployed on a 
boom. 

t h e  v e h i c l e .  

This  genera tor  has t h e  nominal power and l i f e  r equ i r ed  f o r  t h i s  miss ion  

The system 

I n  a manned mission,  s t a r t - u p  would occur a f t e r  t h e  a s t r o n a u t s  have l e f t  
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5 . 5  ENVIRONMENTAL CONTROL 

The only  s i g n i f i c a n t  d i f f e rences  between t h e  LM and ABLE LM ECS conf igura t ions  

a r e  those  a s s o c i a t e d  wi th  s a t i s f y i n g  t h e  requirement for a c t i v e  hea t  r e j e c t i o n  

during t h e  s i x  month ope ra t iona l  phase of t h e  ABLE mission.  This  f u n c t i o n a l  

c a p a b i l i t y  has  been achieved through t h e  i n t e g r a t i o n  of r a d i a t o r  pane ls  and 

a s s o c i a t e d  c o n t r o l s ,  e l imina t ing  requirements f o r  expendible evaporants during 

t h e  s ix  month pe r iod .  

The fo l lowing  LM ECS s e c t i o n s  were r e t a i n e d  e s s e n t i a l l y  unmodified: 

O Atmosphere R e v i t a l i z a t i o n  Sect ion 

0 Oxygen Supply and P r e s s u r i z a t i o n  Cont ro l  Sec t ion  

Water Management Sect ion 

The modi f ica t ions  t o  t h e  Heat Transport  Sec t ion  r e s u l t e d  i n  t h e  fol lowing hardware 

changes; 

2 
O Addit ion of two 30 f t  , r a d i a t o r  pane ls  l o c a t e d  180" a p a r t  on 

t h e  s i d e s  of t h e  Descent Stage 

Addition of c o n t r o l  va lves  (Apollo/LM hardware) 

Addition of a r egene ra t ive  hea t  exchanger (LM hardware) 

Change coolan t  from 35% g lyco l  t o  6eb g l y c o l  (CSM coo lan t )  

O 

O 

5.6 COMMUNICATIONS 

Se lec t ed  Configurat ion 

The ABLE LM Communications would be composed almost e n t i r e l y  of LM developed 

hardware.  

The fol lowing equipment w a s  added t o  t h e  b a s i c  LM Communications subsystem t o  

o b t a i n  t h e  ABLE LM conf igura t ion :  

0 Command Receiver - The Command Receiver w i l l  i n t e r f a c e  t h e  DCA 

(LM 1 Modified) t o  t u r n  on power and provide t h e  upl ink  d a t a  

cha in .  I n  add i t ion ,  o ther  on-off func t ions  may be requi red  of 

t h e  Command Receiver .  
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5 .6 .1  c o n t ' d  

Modified D i g i t a l  Command Assembly - The DCA i s  modified t o  accept  

t h e  Command r e c e i v e r  d a t a  chain ou tpu t .  

remains t h e  same as on LM 1, and t h e  output  i n t e r f a c e s  remain 

unmodified (PCA and L G C ) .  

The f u n c t i o n  of t h e  DCA 

During manned por t ions  of t h e  mission t h e  communications subsystem provides  

t h e  voice  l i n k s  between t h e  ABLE LM occupant(s)  and EVA, t h e  CM, and Ea r th .  

Bio-med d a t a  of one occupant and/or an EVA can be  t r a n s m i t t e d  t o  e a r t h .  

Sapcecraf t  d a t a  (PCM a t  5102 Kb/s) i s  a l s o  sen t  t o  e a r t h .  

b i l i t y  e x i s t s ,  but i s  no t  used during t h e  manned phase as t h e  CSM would provide 

t h i s  func t ion .  I n  genera l ,  t h e  subsystem ope ra t e s  as on LM. 

PRN ranging capa- 

During t h e  unmanned por t ion  of t h e  mission,  t h e  Communications Subsystem i s  t h e  

ground c o n t r o l  l i n k .  Updating information and commands a r e  rece ived ,  decoded 

and routed  t o  t h e  var ious  v e h i c l e  equipments. 

i s  obta ined  t o  a i d  i n  o r b i t a l  parameter,  and spacec ra f t  d a t a  i s  sen t  t o  ground. 

I n  a d d i t i o n ,  PRN ranging d a t a  

The updata  l i n k  i s  designed t o  ope ra t e  independent ly  from t h e  I%I t ype  equipment. 

For  example, an upl ink message can be rece ived ,  decoded, and executed without 

t h e  downlink being tu rned  on. 

f i r s t  be commanded on. 

For v e r i f i c a t i o n  of commands, t h e  downlink must 

5 .6 .2  A l t e r n a t e  Configurat ion 

The s e l e c t e d  conf igura t ion  u t i l i z e d  t h e  LM S-band uplink/downlink c a p a b i l i t y .  

Another conf igura t ion  considered w a s  t h e  UHF upl ink ,  VHF/S-band downlink which 

fundamentally r e t a i n s  t h e  LM 1 UHF command up l ink  along with t h e  VHF downlink 

( f o r  l o w  a l t i t u d e  mission phases i f  r e q u i r e d ) .  If necessary,  backup ope ra t iona l  

modes would u t i l i z e  t h e  S-band downlink, If d e s i r e d  t h e  C-band t ransponder  

system provides  a ranging/ t racking  a i d  independent of t h e  S-band system. 
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5.7 INSTRUMENTATION 

The recommended Operat ional  Instrumentation Sect ion f o r  t h e  Able LM i s  comprised 

of e x i s t i n g  IM assemblies having a c e r t a i n  b u i l t - i n  f l e x i b i l i t y  which allows 

f o r  some minor conf igu ra t ion  changes. A measurements l i s t  prepared f o r  t h e  

s tandard LM v e h i c l e  w a s  reviewed and analyzed t o  assure t h a t  t h e  changes t o  

support  t h e  requirements of ABLE LM would s t i l l  be  adequately covered using t h e  

e x i s t i n g  LM system. 

5.8 CONTROLS & DISPLAYS 

A d e t a i l e d  a n a l y s i s  of Control  and Display requirements f o r  t h e  ABLE LM i s  

dependent upon b e t t e r  d e f i n i t i o n  of s p e c i f i c  crew t a s k s  and r e f l e c t o r - r e l a t e d  

senso r s .  However, t h e  e x t e n t  of  p o t e n t i a l  modif icat ions t o  t h e  LM Controls  

and Displays i s  considered t o  be  minimal. 

5.9 CREW PROVISIONS 

The i n t e r i o r  of t h e  ABLE LM Ascent Stage w i l l  probably be similar t o  t h e  Apollo 

LM, with minor modif icat ions a s soc ia t ed  with t h e  Control  & Display consoles .  

Equipment r equ i r ed  f o r  EVA can be r e t a i n e d  as i n  t h e  e x i s t i n g  LM conf igu ra t ion .  

The e x i s t i n g  LM food and waste management system can be  r e t a i n e d  f o r  p o s s i b l e  

manned ABLE LM opera t ions  while  separated from t h e  CSM. 
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